Because of the large amounts of hydrogen that will be required in
the future, even a small improvement in cost and efficiency is important,
A 10-15 percent reduction in the cost of hydrogen might be obtained by
optimizing existing partial oxidation processes for converting coal to
hydrogen.  An additional 15 percent reduction may be achievable by fully
optimizing and developing processes that are further down the road
(e.g., air oxidation in multiple-fluidized-bed systems or the use of CC>2
acceptors such as CaO or oxygen acceptors such as Fe).

HEALTH AND ENVIRONMENTAL PROBLEMS

The health and environmental problems posed by the refining of coal- and
shale-based liquids and by their use by the consumer must be given care-
ful study.  Of greatest importance is the known ability of coal tars to
cause skin cancers and possibly other cancers. This toxicity is due to
the relatively high content of high-boiling polynuclear aromatic and
heterocyclic compounds.  Shale oil and petroleum contain less of these
substances; however, severe thermal treatment greatly increases their
concentrations, and certain heavy fuel oils produced by severe cracking
are sufficiently active that special handling is currently required in
their refining and use.

While there is considerable experience in the petroleum industry
with handling such hazardous materials, introduction of coal- and shale-
based liquids will require special attention to potential health prob-
lems and to obtaining, through research, a detailed understanding of
the hazards posed by carcinogens, co-carcinogens, and tnutagens in such
liquids. Refining techniques must be capable of reducing this toxicity
to an acceptable level.  Fortunately, hydrogenation appears capable of
converting the toxic materials in these oils to nontoxic hydrocarbons
of higher hydrogen content.  A survey of research and development on
shale and coal liquids in industry and in the national laboratories
shows that considerable work is being carried out in anticipation of
the need for handling techniques for these materials.  Research related
to this problem should obviously have a high priority.

In the lower boiling range, the main health hazards have been identi-
fied as the toxicity of single-ring aromatics (particularly benzene) and
the toxicity, on ingestion, of products such as gasoline and kerosene.
These hazards are essentially identical to those associated with today's
petroleum-based fuels.

Some raw shale oils have been found to contain amounts of arsenic
sufficient to require removal before further processing or use. Handling
and disposal of this arsenic is a relatively new refining problem that
will require careful attention to avoid exposure during refining and
long term environmental risk on disposal.

Refining coal and shale liquids will produce by-products such as
ammonia, phenols, and sulfur compounds.  These materials are encountered